Enzymes have been added to laundry detergents for over 50 years to facilitate the release of proteinaceous materials in stains such as those of grime, blood and milk.1* Over the past several years, proteolytic and amylolytic enzymes have frequently been used in laundry products, mostly because of the decreased use of phosphate in detergents and as a meansof compensating for the poorer performance at lower washwater temperatures. 2'3) Recently, the use of cellulase in toileteries was found to be possible in our laboratories, particularly as an additive for improving the efficacy of laundry detergent products. However, the great majority of cellulases, so far reported, have pH optima in the acidic or neutral range,4) which is no good because of (w/v) carbon source. NY-mediumconsisted (in w/v %) of 0.8% nutrient broth, 0.1% KH2PO4 and 0.5% Na2CO3. MY-mediumwas composed (in w/v %) of 1.5% meat extract, 0.5% yeast extract, 0.1% KH2PO4 and 0.5% Na2CO3. The MY-mediumwas the result of optimization of the nutritional requirements for the production of alkaline cellulase K. The carbon source and Na2CO3were autoclaved separately and then added aseptically to the basal media. Fifty-ml portions of the complete mediumwere placed in 500-ml Sakaguchi flasks, followed by inoculation with the organism and shaking culture at 30°C for 1 to 33 days. After completion of the culture, the degree of bacterial growth and the CMCase activity were measured.
Bacterial growth. The degree of growth was estimated by measuring the absorbance of the culture broth at 600nm (A600) with a Hitachi 220A spectrophotometer.
Enzymepreparation. Bacillus sp. KSM-635was cultivated at 30°C for 2 days with shaking in Sakaguchi flasks containing 50ml of MY-medium, supplemented with 1 % (w/v) fructose. Three parts of ethanol (-10°C) were gradually added to one part of the supernatant of the culture broth. The precipitate formed was collected by centrifugation (12,000 x-g), redissolved in a minimum volume of deionized water and then neturalized with dilute acetic acid. The solution was dialyzed overnight against deionized water at 5°C and the resultant dialyzate was used as the enzyme preparation, alkaline cellulase K.
Whennecessary, the protein concentration in the dialyzate was standarized by ultra filtration with an Amicon ultra filtration cell containing a PM-10 Diaflo membrane (10,000-Mr cutoff).
Enzymeassays. CMCaseactivity {CMC-saccharifying activity). The reaction mixture consisted of 0.9ml of 1.1% (w/v) CMC with a DS of0.68 (equilibrated with an appropriate buffer) and 0.1 ml of the suitably diluted enzyme solution. After the mixture had been incubated at 40°C for an appropriate period, the reducing power was determined by the method of Summer and Somers5) with 0.5% (w/v) 3,5-dinitrosalicylic acid. The activity was measured at pH 9.5 in 0.1 m glycine-NaOHbuffer, unless otherwise specified.
Hydrolytic activities toward cellulosic substrates. The hydrolysis of Avicel, filter paper, cellulose powder, and NaOH-and H3PO4-swollen celluloses was determined at 30°C with shaking in 2ml of 0.1 m glycine-NaOH buffer (pH 9.5). The swollen celluloses were prepared according to Tomita et al.6 ) A piece ofa filter paper (0.5cmx 5cm) or 50 mg ofa cellulosic substrate was used as the substrate, and the reducing sugar liberated was estimated. Hydrolytic activities toward polysaccharides. The possible hydrolysis of xylan (from larch wood), pectin (from citrus fruit), inulin (from dahlia tubers), curdlan (from Alkaligenes faecalis var. myxogenes), laminarin (from Laminaria digitata), dextrin (from corn) and soluble starch (from potato) was examined. To 0.9ml of 1.1% (w/v) ofa substrate in 0.1m glycine-NaOH buffer (pH 9.5) was added 0.1 ml of the enzyme solution. The reaction was carried out at 30°C for an appropriate period with shaking and then the reducing power was determined. p-Nitrophenyl-p-D-glucoside (PNPG) and p-nitrophenyl-P-D-cellobioside (PN' PC)-hydrolyzing activities. The activity was measured at 30°C with 2mM of a substrate in 50mM phosphate buffer, pH 7.0. The /?-nitrophenol liberated was determined at 400nm, using an e value of 15,000. One unit (U) of each enzyme activity was defined as the amount of protein which produced l.O^mol of product per min under the above standard assay conditions. Protein was determined by the dye-binding assay method7) with bovine plasma albumin as a standard, using a BioRad protein assay kit.
G+C content ofDNA. The G+C content ofDNA was estimated from the Tm value by the method of Marmur and Doty,8) using a Beckman DU-8B spectrophotometer.
Electron microscopy. Scanning electron microscopy: Cells were grown on an NY-agar slant at 30°C for several days. The resultant cell paste was fixed with glutaraldehyde, post fixed with OsO4 and then dehydrated in a graded ethanol series (from 50 to 100%).9) Specimens were critical-point dried, and then mounted on stubs and coated with gold for several min by vacuum evaporation. Specimens were examined under a JSM-35C electron microscope (JEOL Lt, Japan) operated at 15kV. Transmission electron microscopy: Cells were grown at 25°C for 18hr on MY-medium containing 1% (w/v) glucose. The washed cells were soaked in 10% (v/v) formaldehyde and then platinum-shadowed, according to the method of Kay.10) Specimens were examined under a Hitachi H-300 electron microscope operated at 80 kV.
Chemicals. CMC (A01MC, DS=0.68) was obtained from Sanyo Kokusaku Pulp Ltd. (Tokyo, Japan). All other chemicals used were of the highest quality available commercially, most of which were described in a previous Identification of the isolated strain 
CMCaseproduction
Media containing different carbon sources were examinedin order to obtain the culture showing the highest alkaline cellulase K activity. The enzyme was produced almost constitutively, in quantity, on NY-medium (supplemented with 0.5% (w/v) Na2CO3, pH 9.3), in which no apparent production pattern, as to either the structure or composition of the sugar used, was observed (1.2 to 4.8 U/ml, Table II ). Only xylose repressed the enzyme synthesis, the level of production being lower than those in cultures containing unutilizable medium (supplemented with 0.5% Na2CO3, pH 9.0), fructose, mannitol and sucrose gave the highest yields after incubation at 30°C for 3 days (5 to 7 U/ml), while ribose, glucose, glycerol and maltose gave less than half this activity. In all cases, the enzyme activity was not initially detected until after 20hr, by which time growth had reached the middle logarith- Effect of pH on the activity and stability The effect of pH on the CMCaseactivity of alkaline cellulase K was examined in buffers of various pHs. As shown in Fig. 2 , the enzyme was active over a broad pH range, from 4 to 12, and most active at pH 9.5. Even at pH ll, more than 80% of the maximumactivity was observed.
The stability of alkaline cellulase K was investigated at various pHs. After preincubation at 40°C for lO min, the residual activity was determined at pH 9.5. The enzyme was not inactivated over the pH range of 4.5 to 10.5.
Residual activity
was minimal or nil after incubation at pH 13. When the enzyme was incubated for 30 min at 40°C, residual activity of more than 95% of the initial activity was Optimumtemperature and the thermal stability
The optimum temperature for the activity toward CMCwas determined by varying the incubation temperature. As shown in Fig. 3A, alkaline cellulase K was active in a wide temperature range, 10 to 65°C, at pH 9.5. The optimumtemperature was about 40°C, which is lower than those observed for other extracellular enzymes from Bacillus strains. The thermal stability of the enzyme was examined by heating it in glycine-NaOH buffer (pH 9.5) at various temperatures for 20 min (Fig. 3B) . The activity was not abolished at all at 40°C, and about 50% of the original activity was retained after heat treatment at 65°C.
Effects of metal ions on the enzymeactivity Individual metal ions and CMCwere mixed with an alkaline cellulase K solution, and then the CMCaseactivities were measured at pH 9.5 and 40°C. Among the various metal ions tested, at lmM, Hg2+, Cu2+ and Cd2+ inhibited the activity slightly, whereas the other divalent cations showed either no effect or a moderate level of stimulation. Potassium fer- 
Effects of laundry proteinases
The activity of alkaline cellulase K was measured in the presence of commercial laundry alkaline proteinases at pH 9.5 and 40°C. The amount ofproteinase examined was 30 /iU per ml, under the standard CMCase assay conditions. The CMCaseactivity was not af- 1139, which is similar to B. firmus. Recently, we reported an alkaline cellulase from "neutrophilic" Bacillus sp. KSM-522, which is similar to B. pumilus.n)
In the present study, we described the isolation of alkalophilic Bacillus sp. KSM-635 which secretes a constitutive alkaline cellulase K that fulfills the essential requirements for use in laundry detergents. This isolate could also be classified as B. circulans or B. pumilus, although it differs in the pH optimum for growth and also in several taxonomic properties. Wehave succeeded in obtaining mutant strains which produce several hundred times more cellulase than the parental KSM-635 strain, and in integrating this enzyme into a heavy duty laundry powder. To our knowledge, this is the first case of large scale industrial application of a bacterial cellulase.
The molecular weight of alkaline cellulase K varied, depending on the cultural conditions (approx. 100,000 to 300,000 -600,000), asjudged from its behavior on gel chromatography. Such multiple forms of cellulases have also Cellvibrio gilvus,19) Pseudomonas fluorescens var. cellulosa20) and genus Ruminococcus.21) In order to characterize the multiplicity of cellulases, we are currently in the process of purifying alkaline cellulase K and cloning the gene encoding it into Escherichia coli HB101, using pBR322as the vector plasmid.
